Synthesis of 3-cyano-2-pyridones via a one-pot, four-component condensation of ethyl cyanoacetate, acetophenone, aromatic aldehydes, and ammonium acetate was catalyzed using l-proline under reflux conditions in ethanol. This method disclosed fast access to this kind of valuable heterocyclic compounds from readily available materials in a single operation.
Introduction
2-Pyridones are especially interesting due to the 2-pyridone structure is present in many compounds which possess biological activity such as antibacterial [1, 2] , antifungal [3] , anti-inflammatory [4] , antiviral [5, 6] , antitumor [7] and antiplatelet properties [8, 9] . 2-Pyridone derivatives are also used in the manufacturing of paints, pigments, additives for fuels and lubricants, acid-base indicators, stabilizers for polymers and coatings [10] . The 3-cyano-2-pyridones can be resulted by different methods and various starting materials including pyrrolidine [11] , microwave [12] and the other references in reported literatures [13, 14] . 4,6-Diaryl-2-oxo-1,2-dihydropyridine-3-carbonitriles can be prepared by cyclization of ethyl cyanoacetate and ketones by ammonium acetate [15] , reaction between 1,3-diaryl-2-propen-1-one and cyanoacetamide using CH 3 ONa [16] , piperidine [17] or DMSO-tert-BuOK [18] , the reaction of β-aminoenones with substituted acetonitriles [19] , the reaction of malononitrile with acetylenic ketones [20] , Polystyrene/1% divinylbenzene sodium benzenesulfinate, an alkyl or aryl bromide, alkyl or aryl epoxide, tert-butoxide/DMSO, malonamide or methyl malonate monoamide, and 2-cyanoacetamide [21] , and three-component cyclocondensation from aromatic aldehydes, aromatic ketones, and 2-cyanoacetamide under solvent-free [22] . In addition, 4,6-diaryl-3-cyano-2-pyridones were prepared by the reaction between 1,3-diaryl-2-propen-1-ones and cyanoacetamide using powdered KOH under microwave irradiation [23] . One of the less explored synthesis of 4-(substituted phenyl)-6-phenyl-3-cyano-2-pyridones is their synthesis from ethyl 2-cyano-3-(substituted phenyl) acrylates [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] .
Our recent interest has been in the development of new synthetic methods on using l-proline as organo and recyclable catalyst. Recently, l-proline has utilized as versatile catalyst for variety of organic transformations such as the synthesis of coumarins in ionic liquid [35] and α-aminoxylation of aldehydes [36] . Also, l-proline and l-proline derivatives were successfully used as organo catalysts in asymmetric aldol and Michael addition reactions [37] . To the best of our knowledge in the open literatures, one-pot synthesis of 3-cyano-4,6-diaryl-2-pyridones catalyzed by l-proline have not been reported. In this paper, a new procedure for the synthesis of 3-cyano-4,6-diaryl-2-pyridones using aryl aldehydes, acetophenone, ethyl cyanoacetate and ammonium acetate in the presence of l-proline in refluxing ethanol is described (Scheme 1).
Experimental
Melting points were measured by using the capillary tube method with an electro thermal 9200 apparatus. IR spectra were recorded on Perkin Elmer FT-IR spectrometer did scanning between 4000 and 400 cm 
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Synthesis of 3-cyano-4,6-diaryl-2-pyridones using l-proline
To a mixture of aromatic aldehydes (1 mmol), ethylcyanoacetate (1 mmol) and l-proline (15 mol%) in ethanol (2 mL), acetophenone (1 mmol) and ammonium acetate (4 mmol) was added and stirred under reflux condition. Progress of the reaction was indicated by TLC. After completion of the reaction, ethanol was evaporated and water (15 mL) was added, stirred and the solid product was filtered off. For more purification, the residue was recrystallized by ethanol/water. Also, mother liquor containing catalyst was evaporated and the catalyst was obtained and reused for five runs. Methoxyphenyl)-6-phenyl-3-cyano-2-pyri 
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Results and Discussion
At first, to achieve an optimized reaction condition such as effecting of solvent, temperature and catalyst amount for the synthesis of 4,6-diaryl-3-cyano-2-pyridones, a mixture of acetophenone, 4-chloro benzaldehyde, ethyl cyano acetate, ammonium acetate and l-proline were subjected as a model reaction in the presence of a variant of solvents and without solvent, at room temperature and under reflux condition. When we used water as a solvent, the desired product did not obtained in room temperature and under reflux condition due to water polarity and non-polarity of starting material did not permit effective contact between starting materials. The best result was obtained in ethanol under reflux condition (Table 1) .
To generalize the optimum amount of the catalyst for this reaction, various ratios of l-proline were examined using 4-chlorobenzaldehyde (1.0 mmol), ethyl cyano acetate (1 mmol), acetophenone (1.2 mmol) and ammonium acetate (4 mmol), in refluxing ethanol as a model reaction (Table 2) . Any desired products were not observed in catalyst free condition over 24 h and the best yields were resulted with 15 mol% of l-proline in 4 h. Thus the catalyst is an important component to promote synthesis of 4-(4-chlorophenyl)-6-phenyl-3-cyano-2-pyridone ( Table 2) .
To evaluate the scope of the reaction, a series of aromatic aldehydes was subjected under reaction condition. The reaction proceeded well with aromatic aldehydes which bearing either electron-donating or electron withdrawing substituents to produce their corresponding 3-cyano-2-pyridones in high yields (Table 3) . Although, synthesis of 3-cyano-2-pyridone derivatives have periviously been reported under basic condition such as KOH, t-BuOK, pyrrolidine and piperidine [1, 2, 8, 9, 14] , in this project, l-proline was utilized as organo base catalyst as well as biomolecule.
On the basis of our knowledge any evidence for the mechanism has not been published in the literature. Therefore, suggested mechanism for the preparation of 
Conclusion
In summary, in this work, has been reported an efficient one-pot synthesis of substituted 3-cyano-2-pyridones promoted l-proline. The mild reaction conditions and rapid assembly from simple, readily available materials make it a very practical protocol for the synthesis of these important heterocycles.
